SUMMARY We have evaluated the haemodynamic effects of intravenous (iv) nitroglycerin (NG) and vasopressin (VP) alone and in combination, in 12 patients with cirrhosis and recent variceal haemorrhage (two to seven days). Nitroglycerin infusion alone (200 [ig/min) produced a significant fall in portal pressure (WHVP-FHVP) (from 16.4 (0.6) to 13.3 (1.2) mmHg; p<001) associated with hypotension (mean arterial pressure from 95 (7) to 78 (9) mmHg; p<0005). Vasopressin alone (0.4 U/min) reduced portal pressure (20.7 (1.3) to 14-0 (1.3) mmHg; p<0O001), but there was considerable variation in the systemic haemodynamic changes with increased cardiac output in four of six patients. The combination of vasopressin and nitroglycerin corrected all systemic haemodynamic disturbances produced by either agent alone. This combination led, however, to a further reduction in portal pressure (from 13.7 (0.9) to 11.7 (0.7) mmHg p<001). These results show that: (1) intravenous nitroglycerin reduces portal pressure, and (2) the combination of nitroglycerin and vasopressin reverses systemic haemodynamic disturbances produced by either agent alone and leads to a further decrease in portal pressure.
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The therapeutic efficacy of a vasopressin (VP) infusion is restricted by complications associated with systemic vasoconstriction, which include ischaemia and infarction of the myocardium, gastrointestinal tract, and skin. These complications require cessation of therapy in up to 17% of cases and are fatal in 3%.' Recent studies have shown that the addition of sublingual nitroglycerin (NG) reverses the systemic haemodynamic disturbances of vasopressin2 whilst maintaining the reduction in portal pressure. When there is active variceal bleeding the intravenous infusion of nitroglycerin has the advantages of offering more reliable drug administration whilst allowing the dose to be varied in response to changes in systemic haemodynamics.
The aim of the present study was to investigate the systemic and portal haemodynamic effects of intravenous nitroglycerin and vasopressin, alone and in combination, in patients with cirrhosis and recent variceal bleeding.
Methods

PATIENTS
Twelve patients (nine men and three women) with a mean age of 52-7 (2,3) years; mean (SE) with biopsy proven cirrhosis (eight alcoholic, two primary biliary and one each of chronic active hepatitis and cryptogenic cirrhosis) were studied within two to seven days of variceal haemorrhage. No acute bleeding had recurred within at least 48 hours before the study. The severity of the underlying liver disease as graded by the Pugh Classification3 showed nine patients to be of grade B and three of grade C. None had previous history of cardiac disease.
After an overnight fast an hepatic venous balloon occlusion catheter4 was introduced through the femoral vein and a flow directed pulmonary artery thermodilution5 catheter was inserted through the subclavian vein. In both cases the midaxillary line was used as the external zero reference. Measure on preload rather than afterload. This is supported by the observation that systemic vascular resistance index did not change when the two drugs were combined, whereas right atrial pressure and pulmonary capillary wedge pressure returned to baseline. The effect of intravenous nitroglycerin on portal pressure in man has not been previously investigated. The observed fall in portal pressure in this study may be explained by several mechanisms which include portal vein dilatation2 and a baroreceptor mediated splanchnic vasocontriction due to a fall in systemic blood pressure.7 Our data . cannot differentiate between these two possibilities but the reduction in mean arterial pressure when nitroglycerin was given alone and when added to vasopressin is consistent with the latter. It follows from this that the additive effect of the two drugs on portal pressure gradient may be caused by splanchnic vasoconstriction mediated directly by vasopressin and reflexly by a nitroglycerin-induced reduction in blood pressure.
The effects of vasopressin upon systemic haemodynamics deserves comment. There was no observed increase in arterial pressure or systemic vascular resistance with this drug which is in contrast with the generally accepted response.2 In every case, however, the prompt appearance of pallor confirms a vasoconstrictor effect upon the skin and the reduction in portal pressure gradient provides evidence of splanchnic vasoconstriction. In such circumstances the failure of systemic vascular resistance to rise might be explained by a selective vasoconstrictor action of vasopressin with redistribution of blood flow to other vascular beds. The absence of a rise in arterial pressure with vasopressin has been observed by others when this was administered, as part of a controlled study, in patients with active variceal haemorrhage.' In the present study four of the six patients receiving vasopressin initially showed an increase in cardiac index, a further effect seldom referred to, but which has been previously documented.9 The most likely explanation for this is an increase in venous return in response to reduced splanchnic pooling (secondary to splanchnic vasoconstriction). The pattern of the observed systemic haemodynamic changes in this study may reflect the patients studied -that is, advanced liver disease (Pugh Grade B and C) with recent variceal haemorrhage. We believe, however, that these observations may be more relevant to the setting of active variceal bleeding than haemodynamic studies carried out in well compensated patients.
It seems unlikely that the systemic haemodynamic changes seen with vasopressin in this study account for the cardiac complications observed in its clinical use. Direct coronary artery vasoconstriction may be a more important factor in their pathogenesis. A possible mechanism by which the addition of nitroglycerin might reduce the risk of such complications is by its effect upon left ventricular stroke index which was shown to fall significantly in the present study, as would also myocardial oxygen requirements. In clinical practice, a recently reported controlled trial from this Unit, has provided support for a beneficial effect of the addition of nitroglycerin upon the cardiac complications of a vasopressin infusion."' The present haemodynamic study does not provide evidence that the combined infusion will reduce the infrequent but serious non-cardiac side effects such as gut and skin ischaemia.
Finally, it should be appreciated that nitroglycerin, by reducing cardiac preload and cardiac output, may be hazardous in hypovolaemic patients and is unlikely to be useful as a single agent in active variceal bleeding. Because of this risk of hypotension with nitroglycerin we advocate that the vasopressin bolus is initiated approximately one to two minutes before starting the nitroglycerin infusion and the intravenous administration of the latter thus provides the facility for titrating the dose against the systemic blood pressure. ' We would like to thank Ms Ann Pucknell for expert technical assistance. 
